Purpose Predictors of outcome after femoroacetabular impingement (FAI) surgery are not well-documented. This study presents data from the Danish Hip Arthroscopy Registry (DHAR) for such analyses. The purpose of this study was to identify predictors of poor outcome after FAI surgery in a Danish FAI population. The primary hypothesis was that older patients, patients with severe cartilage damage and female patients might have inferior outcome results compared with younger patients, patients with minor cartilage damage and male patients. Methods Radiological and surgical data as well as patient-reported outcome measures (PROM) from FAI patients in DHAR between January 2012 and May 2015 were collected. PROMs consisting of Copenhagen Hip and Groin Outcome Score (HAGOS), quality of life (EQ-5D), Hip Sports Activity Scale (HSAS) and Numeric Rating Scale (NRS) pain scores were assessed. The patients were divided into three age groups (< 25, 25-39 and ≥ 40 years). Cartilage injuries were classified according to International Cartilage Repair Society (ICRS) (femoral side) and modified Becks (acetabular side) classifications. A non-parametric statistic method was used to analyze the differences between the preoperative and postoperative PROM values. Results Data from 2054 FAI procedures in DHAR was collected. 53% of the procedures were done in female patients. All HAGOS sub-scales, EQ-5D, HSAS and NRS pain (rest and walk) demonstrated significant improvements in all age groups at follow-up. Comparison between age groups demonstrated poorer outcomes in both older age groups when compared with the < 25 years age group at 1-and 2-year follow-ups. Higher degrees of femoral and acetabular cartilage injury did have a negative influence on outcome at follow-up. Comparison between genders demonstrated lower preoperative outcomes in females and lower outcome score (HSAS) 1 and 2 years after FAI surgery. Conclusions Age above 25 and major cartilage injury might negatively affect the outcome of surgery, however, gender could not be identified as a negative predictor of clinical outcome after FAI surgery, but might negatively affect sports participation in females. Level of evidence III, prospective cohort study.
Introduction
Recently, a consensus statement has defined femoroacetabular impingement syndrome (FAI syndrome) as a triad of symptoms, clinical signs and imaging findings [1] . This statement emphasizes that (1) symptoms [motionrelated or position-related pain in hip or groin (back, buttock or thigh) in addition to mechanical symptoms such as clicking, catching, locking, stiffness, restricted range of motion or giving way], (2) clinical signs [limited range of motion, restricted internal rotation in flexion and reproduction of pain during flexion adduction internal rotation test (FADIR)] and (3) relevant imaging findings (cam or pincer morphology) must all be present for the diagnosis of FAI syndrome. This consensus is a further development on the definitions of FAI from Ganz et al. [2] and Sankar et al. [3] .
Due to increased research in the field of hip arthroscopy and FAI treatment, the insight into articular pathologies caused by FAI, such as labral and chondral lesions have increased. Several studies have investigated postoperative outcomes after arthroscopic management of FAI pathology with cam and pincer resections and labral repairs in Scandinavian populations. These studies have consistently reported benefit from such arthroscopic treatments [4] [5] [6] [7] . One Scandinavian study on predictors of outcome 2 years after hip arthroscopy based on a large Swedish population (198 patients) has been published [8] . They focused on several possible predictors (age, symptom duration, preoperative iHOT-12 score, gender, cartilage damage and FAI type) and found that only preoperative iHOT-12 correlated with the postoperative iHOT-12, therefore advocating the importance of surgical treatment before further decline in function. This study did not confirm any association between age, gender, cartilage damage and the treatment outcome.
Saadat et al. [9] reviewed the current literature regarding factors associated with failure of surgical treatment for FAI. Their definitions of failure were considered as either lack of significant improvement in subjective outcomes, revision surgery or conversion to hip arthroplasty because of persistent symptoms. They found that higher age and cartilage injury at the index operation was associated with both higher subjective failure rate and risk of reoperation. A lower preoperative modified Harris Hip Score and longer duration of symptoms was associated with a higher rate of conversion to hip arthroplasty. The study also described that these conclusions were based on studies with low evidence level such as retrospective studies, studies with short follow-up times, smaller cohort, single surgeon centers and represents both open and arthroscopic surgical techniques. Therefore, studies that investigate outcome predictors for FAI treatment in larger and more unbiased patient materials are needed. Exactly, this kind of material can be provided from a registry such as the Danish Hip Arthroscopy Registry (DHAR) with data from more than 2000 cases.
The purpose of the present study was to identify predictors of poor outcome after arthroscopic FAI surgery in a large Danish FAI population based upon prospective data collected from DHAR. The primary hypothesis was that older patients, patients with severe cartilage damage at index operation and female patients might have inferior subjective outcome results compared with younger patients, patients with minor cartilage damage at index operation and male patients. These predictors were based upon recently published studies [8] [9] [10] [11] [12] . Predictors that might affect outcome, whether negatively or positively, increase the knowledge of hip arthroscopy results and also what patients can expect from a surgical procedure.
Materials and methods
The Danish Hip Arthroscopy Registry (DHAR) was initiated in 2012. The registry is approved by the Danish Health Authorities, J.nr. 2012-58-0006. A description of DHAR and the epidemiological data at baseline have been published earlier [13] . Surgeons as well as patients report data online in an ongoing prospective web-based data registration. For this study, pre-and perioperative data including PROMs from DHAR between January 2012 and May 2015 were collected. The postoperative patient-reported data were extracted at 1-and 2-year follow-ups.
Patients
Data from 2054 FAI procedures (1835 patients) in DHAR (Table 1) between January 2012 and May 2015 was included. 53% of the procedures were done on female patients. The average age in this cohort was 37.9 years and the range were 9-79 years. The majority of the procedures included labral repair (n = 1737, 84.6%), cartilage surgery (n = 1470, 71.6%) and reshaping of the femoral head-neck junction (n = 1807, 88.0%). The mean lateral center edge (LCE)-angle in this study was 32°, the mean alpha-angle was 68° and the mean Tönnis acetabular index (AI)-angle was 6°. In almost all cases (n = 2048, 99.7%) the joint space width (JSW) measured at the lateral sourcil was above 2 mm. About two-thirds of the patients (n = 1268, 61.7%) had a JSW above 4 mm. In 219 (10.7%) of the patients, the hip arthroscopy procedures were performed bilaterally. The mean operation time was 86.9 min (SD 36.1) and mean traction time was 50.7 min (SD 25.2).
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At the beginning of patient inclusion into DHAR, the above-mentioned consensus report on FAI syndrome had not yet been made and therefore we defined the FAI patient according to primarily radiological FAI morphologies as described by Ganz et al. [2] in combination with clinical findings such as pain when performing FADIR test and decreased range of motion. The mechanical symptoms are not registered in DHAR currently. Data were extracted from DHAR according to our inclusion criteria of an FAI patient based on clinical findings and radiological FAI morphology, such as cam (lateral alpha-angle > 55°), pincer (LCE-angle > 39°), crossover sign or a mixed FAI morphology. The cutoff value regarding alpha-angle > 55° was chosen according to Tannast et al. [14] . The cutoff value regarding the LCE-angle is debatable and, in this study, defined according to the UK FASHIoN study [15] . The registry has for each clinical examination test and radiological measurement a standard definition and method description to minimize possible interobserver variation. These clinical symptoms and FAI morphology types are reported by the surgeons. Data from patients diagnosed with diseases other than FAI was excluded. These diseases included patients with developmental hip dysplasia, patients with a LCE-angle < 25° or Legg-Calve-Perthes among others. Patients with previous surgery in related hip or incomplete data registrations were also excluded from analyses.
PROMs consisting of Copenhagen Hip and Groin Outcome Score (HAGOS), a life quality score (EQ-5D), Hip Sports Activity Scale (HSAS) and Numeric Rating Scale (NRS) pain scores [16] at rest and after 15 min walking as a level of pain are recorded in DHAR. HAGOS consists of six sub-scales assessing symptoms, pain, function in daily living, function in sport and recreation, participation in physical activities and hip and/or groin-related quality of life, each scored separately. HAGOS is a questionnaire (37 questions in total) aimed for young to middle-aged adults undergoing non-surgical treatment or hip arthroscopy but also patients presenting with groin pain [17, 18] . The EQ-5D is a widely used generic health-related quality of life instrument now translated and validated into many languages [19] . HSAS is also used and recommended as a reliable and valid activity measurement useful for patients with FAI [20] . To investigate influence of age, patients were divided into the following age groups < 25, 25-39 and ≥ 40 years. Cartilage injuries were grouped according to International Cartilage Repair Society (ICRS) on the femoral side consisting of five grades (grade 0: normal cartilage, grade 1: nearly normal, grade 2: abnormal, grade 3: partial loss of cartilage and grade 4: exposed bone) and modified Becks cartilage classifications [21] [22] [23] on the acetabular side consisting of five grades (grade 0: normal cartilage, grade 1: fibrillation, grade 2: wave sign, grade 3: cleavage tear between labrum and articular cartilage and grade 4: exposed bone).
The completeness of PROM registrations, in relation to surgical registrations in DHAR, preoperatively was 57.3% and the follow-up completeness at 1 and at 2 years was 56.9 and 56.4%, respectively.
Statistical analysis
Statistical analysis was performed using Stata software, StataCorp LLC. The descriptive data were reported as the mean, standard deviation (SD), median (25th and 75th percentile) and range. A non-parametric statistic method, the Wilcoxon rank-sum test was used to compare differences between preoperative and postoperative subjective outcome scores, since the data were not normally distributed. When analyzing the PROM scores between the predictor groups (age, gender and cartilage damage grade) to calculate adjusted relative risks of getting a bad vs. good result after arthroscopic FAI surgery, we defined a good result as a score above 2/3 of the maximum point in the individual scale. This definition of a good result is based on unpublished data from a similar Danish FAI population. In this cohort, the subjective outcome based on the HAGOS scores the best 20-40% which was within the HAGOS values of normal age-matched population. We, therefore, chose the top 33% of HAGOS scores in our population as the cutoff value for defining a subjective good outcome. Recently, studies [24, 25] trying to define minimal clinical important difference and substantial clinical benefit after arthroscopic treatment of FAI has been published. These studies used other outcome scores than HAGOS.
A generalized linear model for binomial family with log as the link function was used to analyze the relative risk ratio between different covariates. Of covariates, we used age groups (< 25, 25-40, > 40 years), gender (male, female), ICRS (grade 0-1 and grade 2-4) and modified Becks cartilage classification (grade 0-1 and grade [2] [3] [4] . P values below 0.05 were considered statistically significant.
Results
The results from the different predictor subjects are described in the text below and in details illustrated in the tables.
Influence of age
In all three age groups, all PROM scores demonstrated statistically significant improvements from preoperative to 1-year follow-up (see Table 2 for details). No statistically significant differences were observed between 1-and 2-year follow-ups within age groups.
When comparing age groups at 1-year follow-up, a significantly poorer outcome in both older age groups was found when compared with the < 25-year age group in the majority of PROM scores ( Table 2) .
Comparison at 1-year follow-up between the middle (25-39 year) and oldest (≥ 40 year) age groups revealed significantly poorer outcomes in the middle age group in some three HAGOS sub-scales and EQ-5D. At 2-year follow-up, significant differences between these two older age groups were found in two HAGOS sub-scales and HSAS, with the poorest result in the middle age group ( Table 2 ). The adjusted relative risk ratio between age groups is reported in Table 3 . The risk ratio at 1-year follow-up between < 25-year and the two older age groups demonstrated significant adjusted relative risk ratios in the majority of the PROM scores. Between the middle and oldest age groups, no significant adjusted relative risk ratios were demonstrated.
Influence of cartilage injury
The distribution of femoral and acetabular cartilage injuries is presented in Table 4 . The most frequent cartilage damage degree reported on the femoral head was ICRS grade 0 in 1385 procedures (75.0%), whereas in the acetabulum, it was modified Becks grade 2 in 819 procedures (44.2%). Cartilage damage degrees on the femoral head was divided into two groups, ICRS grade 0-1 and ICRS grade 2-4, respectively ( Table 5 ). In both groups from preoperative scores to scores at 1-year follow-up, a significant improvement in all outcomes within groups was observed. No significant differences were observed in the two groups between 1-and 2-year follow-ups. When comparing ICRS grade 0-1 with ICRS grade 2-4 at 1-year follow-up, this demonstrated significant poorer HAGOS scores in three sub-scales in ICRS grade 2-4 group and at 2-year follow-up in one sub-scale of HAGOS (Table 5) .
Cartilage damage degrees at the acetabulum were also investigated as combined data consisting of modified Becks grade 0-1 and grade 2-4 ( Table 6 ). In both groups from preoperative scores to scores at 1-year follow-up, a significant improvement in all outcomes within groups was found. No statistically significant differences were observed between 1-and 2-year follow-ups within groups. When comparing modified Becks grade 0-1 and grade 2-4 at 1-year followup, three HAGOS sub-scales, NRS pain after walking and EQ-5D demonstrated a significant poorer outcome in patients with modified Becks grade 2-4 ( Table 6 ). Comparison at 2-year follow-up demonstrated in the modified Becks grade 2-4, a significantly poorer outcome in two HAGOS sub-scales and EQ-5D ( Table 6 ). The adjusted relative risk ratio between cartilage damage groups is reported in Table 7 . Between femoral head cartilage damage groups, no significant adjusted relative risk ratio in any outcome score were demonstrated, whereas between the acetabulum cartilage damage groups, a significant adjusted relative risk ratio in one HAGOS sub-scale and NRS after walking was found.
Influence of gender
In all PROM scores preoperatively, the female patients reported outcomes that were significantly lower than male patients (Table 8 ). Both genders demonstrated between the preoperative scores and the scores reported 1 year postoperatively significant improvements in all outcome scores. Between 1-and 2-year follow-ups in the male group, only HSAS demonstrated a significant improvement. When comparing the genders 1 year after hip arthroscopy, the females scored significantly worse in one sub-scale of HAGOS and HSAS. Two years after surgery, only HSAS demonstrated difference among the two genders, again with the worse outcome in females. The adjusted relative risk ratios between genders is reported in Table 9 . A significant adjusted relative risk ratio in HSAS was demonstrated but none in HAGOS, NRS or EQ-5D.
Discussion
The most important findings of the present study were that age above 25 years, higher grades of cartilage injuries in the acetabulum or at the femoral head might negatively affect the subjective outcomes after arthroscopic FAI treatment in a Danish population. Females had significantly lower preoperative scores than males. Two years after surgery, only HSAS demonstrated a significant difference between genders. The adjusted relative risk ratios also demonstrated that age above 25 years and higher grades of acetabular cartilage damage at surgery point might have a higher risk of poorer result after hip arthroscopy; however, gender and femoral head cartilage damage might not influence the result after FAI surgery. Since most of the hip arthroscopy procedures reported to DHAR includes labral repair, comparison of the impact on outcome between labral repair and labral resection was not performed. When dividing the patients into three age groups, patients below 25 years demonstrated in all subjective outcomes a significant better result compared to the two older age groups (25-39 and ≥ 40 year, respectively). However, it is difficult to explain why lower scores was found in the middle age group (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) year) when compared to the oldest age group (≥ 40 year). Possible explanations of these findings might be due to the end of education, the beginning of a working career and family planning, etc., in this middle age group, which explains the lower scores in PA and sports scores. The older age group is beyond this period in their life, and their expectations may, therefore, be reduced compared to the middle age group. In the review from Saadat et al. [9] , they recognized four studies examining higher age as a demographic factor influencing worse patient-reported outcomes. Only one study was indicating a negative influence of higher age on outcome. This study was a retrospective study based on open surgical treatment of FAI [26] .
A systematic review by Horner et al. [11] studying the differences between clinical outcome and total hip arthroplasty (THA) conversion rates for patients aged 40 or older found higher THA conversion rates in this age group. Two of the included studies did not show significant difference in outcome scores between younger and older patient populations, whereas one study reported significantly better outcome in the under 40 group compared with the 40 or older group after hip arthroscopy. Furthermore, a comparative matchedgroup analysis by Frank et al. [10] investigating 150 FAI patients undergoing hip arthroscopy demonstrated worse outcome in patients older than 45 years compared to patients in younger age groups. In their study, older age was found to be the most influential predictor of worse outcome. As suggested by that study group, chronological age alone may not be the primary factor, but instead physiologic age may be more representative of the durability of the hip joint. The present study from a large national cohort confirms the above-mentioned studies in finding age above 40 as a negative predictor of subjective outcome after arthroscopic FAI treatment compared with patients under 25 years. When DHAR was designed, Tönnis grade as a measure of radiographically preoperative degeneration or osteoarthritis was not included in the surgeon-reported data collection and therefore DHAR is not able to give us these data. Instead, DHAR included measurement of the joint space width and intra-operative reported cartilage injury degrees. When investigating the influence of cartilage injury at index operation, this study demonstrated that higher degrees of cartilage pathology at either the acetabulum or at the femoral head were associated with lower outcome scores. The rates of conversion to total hip arthroplasty were not studied in this investigation. A previous study from the DHAR demonstrated a relatively low conversion rate of 0.8% in a FAI population [5] . As found by Saadat et al [9] , several studies have demonstrated significantly higher conversion rates when the preoperative joint space was measured less than 2 mm. Also, the presence of osteoarthritis in terms of a higher preoperative Tönnis grade and cartilage lesions either nonspecific or full thickness cartilage defects (Becks grade 4) demonstrated in their systematic review a significant prognostic factor both on the THA conversion rate and in patient-reported outcomes and revision surgery. This study supports these previous findings, demonstrating that higher degrees of cartilage damage both in the acetabulum and on the femoral head results in poorer subjective outcome for arthroscopic FAI treatment.
This study demonstrated, that female patients reported lower outcome scores before surgery, but 2 years after the surgery, no significant differences were found except in HSAS score. Joseph et al. [12] studied 229 FAI patients (68% women) and reported that women had worse functional outcome before surgery than men, but they found no significant difference in outcome improvements (iHOT-33, HOS-ADL) between the two genders 2 years after arthroscopic FAI surgery. Although the females in this study also had a lower outcome score before surgery, differences between gender 1 year after surgery (HAGOS-ADL and HSAS) were demonstrated. Two years after surgery, it still seems that females report lower scores in sports activities (HSAS). Therefore, female gender might be a negative predictor of outcome in sports participation after FAI surgery, whereas other outcome scores were not affected by gender.
As a summary of this study in combination with the current available knowledge from other similar studies [8] [9] [10] [11] [12] of outcomes after arthroscopic treatment in FAI patients, it seems reasonable to assume that: (1) FAI patients regardless of age, gender, degree of cartilage damage or labral tears do benefit from arthroscopic FAI surgery and improve their outcome scores from preoperatively to at least 1 year postoperatively. (2) Younger FAI patients do have better outcome scores than older patients. (3) Patients with decreased joint space width (2-3 mm might be an absolute cutoff value) and preoperative osteoarthritis (ex. Tönnis grade 2 or higher) This study has several limitations, including the availability and quality of data due to completeness of data in the Danish Hip Arthroscopy Registry. All data input is voluntary, both for surgeons and patients. The rate of data completeness in this material was 57% in the patient-reported outcome data. An ongoing validation study might give us more information about the quality of data in DHAR. This is a well-known issue with registries and is also described in the Danish National ACL Registry where the patient inputs are as low as 35%, and the surgeon inputs on 85% are much higher [27] . In DHAR, 2 years after surgery, we observe minor insignificant differences in outcomes between 1-and 2-year follow-ups. It might represent a form of steady state in outcome improvement or due to lack of data. We still need to follow these patients to document the long-term results. To our knowledge, the currently available studies on longterm results after hip arthroscopy is still based upon procedures that existed 10-15 years ago and might, therefore, not represent the current surgical development in the field of hip arthroscopy. Therefore, it is of great importance to have national prospective registries such as DHAR where it is possible to follow these patients over a longer period. The main challenge with registries is the quality of data and the rate of completeness. In this study, we have presented subjective outcome data from two validated hip-specific outcome instruments (HAGOS and HSAS). Especially, HAGOS has been proven to be an excellent outcome instrument, but is currently not used that often outside Scandinavia and therefore direct comparison with other studies can be difficult.
Conclusions
The present study from the Danish Hip Arthroscopy Registry (DHAR) shows that age above 25 years and major cartilage injuries especially at the acetabulum negatively affects the outcome of surgery in patients with FAI undergoing hip arthroscopy. Gender could not be identified as a negative predictor of clinical outcome after FAI surgery, but might negatively affect sports participation in females.
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